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Abstract 


Virtual tool based novel teaching methods in electromagnetic 
will be discussed. Fundamental concepts, such as modeling 
and simulation, analytical- and numerical-based modeling, 
simulation, validation, verification, etc., in relation to the 
virtual labs widely-covered as parts of engineering education 
will be reviewed. Sample virtual tools that can be used in 
basic as well as advanced level courses will be shown. 


Index Terms: virtual tool 
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= We have witnessed a transformation from ENGINERING 
ELECTROMAGNETICS to ELECTROMAGNETIC ENGINEERING 
for the last couple of decades, therefore virtual labs and tools 
have become attractive in education and training. 


= The overall effectiveness is very positive and the impact on 
students is that they are better equipped to understand 
physics and use mathematics. 


= Several user-friendly electromagnetic virtual tools have been 
introduced together with useful tutorials in the IEEE AP 
Magazine. 


Jil: Teach те ІЛІ forget, show те, ШИЕ 
ooo eese me? is Dest expressed with these 
tools. 
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Motivation 


Question-1: 
How do you teach electromagnetics to students 


= well above the average (within top O.1 96)? 
# within top 10 %? 


=" around the average? 


= or, well-below the average? 


Question-2: 


Is it possible to teach all using the same methods / approaches? 


L. Sevgi July 22, 2015 


WE ARE ENGINEERS. 
WE DEAL WITH 


WE ALSO USE 
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and MODSIM 


Real-World 


Problem 
Physics- based Numerical and physical 


Analytical Modeling Experimentation 


Conceptual Operational 
Validity Data Validity 


E Analysis 4 


A Conceptual Code A Computer 


ь Mode Verification ШЕ 


Computer Programming 
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EM Problems & Classical Approaches 


є Antenna and Radiation Problems: 
Use Maxwell equations and BCs 
Define and Use Auxillary scalar and Vector Potential functions 
Then derive electric and magnetic fields. 


=" Radar Cross Section (RCS) and Scattering Problems: 
Use Maxwell equations and BCs 
Represent total fields in terms of incident and scattered fields 
Send an incident field on to the object, satisfy the BCs 
Then calculate the scattered fields. 


и Guided Wave Propagation Problems: 


Use Maxwell equations and BCs 
Apply Transverse & Longitudinal decomposition 


Deal with Eigenvalue and/or Green’s function Problems. 
L. Sevgi July 22, 2015 
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Basic level Virtual Tools 


EM Virtual Tool 
D-FFT 

1DFDTD 
TDRMETER 


RAY / MODE 
HYBRID* 


DiSLAB 
АККАУ 
MGL-2D 


SNELL 


EM VIRTUAL TOOLS 


More than 20 VTools 
in the last decade 


КЕШ (ШАТ АЙ Роа теи Сасай 

FO! Latins Models 

A Dipi Covreruesc abes. Gyshem баганы 

Ала сийдва А, ВАН asas Age Neduialor: 
Кей UTO gån FOTO Gated Wigg, бла Зетшізіш| 
Готенхсал |А Шие Bared blappeg бетінін) 

Медал (А Мін Бафкі ҮҮкіңе Гайасісе НҒА Sarnia er) 
Mei drerDueognar (А bian Bared Piw Dep SARN] 
Берн САЛ (А Мк Ин Бен Ғәесіюе Елішін| 


МТМ РОТ (A 2D FOTD Bund Мий вы Баай 


Ре МОРИС rar 


Аке G. Caii. M. Caki, L Segi An FDTD-based Parallel Virtusl Tao! loe ce RS Calcuhitions of Complex Tirgeu" IEEE 
Antennas and Pronasatinn Різататіпо Мо! 54 Мо & nn 0-0 December 2014 


Undergraduate Courses 


A virtual FFT instru EM Wave Theory 
display time and fr« 


ЕЕЕ — Transmission Line Theory 
A Matlab-based FDT : 
through single, doubl Antennas and Propagation 


A virtual time-domai Electromagnetic Compatibility 


in all types of metallic 
iA § Computational Electromagnetics 
RAY | computes/dis 

source/observer locations. HYBRID displays field vs. range and/or height. 

A Matlab package designed to investigate wave propagation through a 2D 
dielectric waveguide based on analytical and numerical formulations. 

A simple Matlab antenna array package of isotropic radiators accommodated 
with beam forming and beam steering capabilities. 

A general purpose 2D FDTD package for both TE and TM type problems. Any 

2D scenario may be created by the user by just using the PC mouse. 

A simple Matlab package for the visualization of ray contributions between a 
source/receiver pair above a 2D ground using the ray shooting technique. 
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Advanced Level 
EM Virtual Graduate Courses 


Tool 
WEDGE A Matlab package for the 


homogeneously filled wedge EM Modeling and Simulation 


normal/adiabatic/intrinsic mo 


A Matlab-based package pre Diffraction Theory 


number of multi-mixed pat 


Ш Radiowave Propagation Modeling 


GrSSPE A simple Matlab groundwave 


flat terrain through non-homq a nd Sim ulation 


the ground. 


GrMoMPE A Matlab package which mo Microstrip Circuit Design and 


acceleration (FBSA) techniq 


comparisons are possible. Si mu lation 


MSTRIP An FDTD-based EM simulato 


iL RCS Prediction and Reduction 


dimensions and operational n 


MGL-RCS An FDTD-based EM simulator G uided Wave Th eo ry 


graphics format, specify use 
frequency. 
MGL-MTM _ A general purpose 2D FDTD package for metamaterial structures. Any 2D geometry can be created by 
the user by just using the PC mouse. 
WedgeDIFF High Frequency asymptotics (GO,GTD,UTD,PO,PTD) and FDTD for the diffraction at an semi-infinite 
WedgeFDTD wedge problem. 
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EM Modeling and Simulation 





L. Sevgi, “Teaching Electromagnetic Modeling and Simul: 
Level Course,” IEEE Antennas and Propagation Mag: 


Electromagnetic 
op Modeling and 
simulation 


E. Arvas, L. Sevgi, “A Tutorial on the Method of Mome 
and Propagation Magazine, Vol. 54, No. 3, pp 


G. Apaydin, L. Sevgi, “A Canonical Test Problem for Computation: 
(CEM): Propagation in a Parallel Plate Waveguide” IEEE Antenn: 
Magazine, Vol. 54, No. 4, pp.: 
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Radiowave Propagation 


2005 — SSPE GUI 
L. Sevgi, C. Uluisik, F. Akleman, "A Matlab-based Two-dimensional Parabolic Equation 
Radiowave Propagation Package", IEEE Antennas and Propagation Magazine, Vol. 47, 


No. 4, 184-195, Aug. 2005 


2006 - DrMIX GUI 

L. Sevgi, "A Mixed-Path Groundwave Field Strength Prediction Virtual Tool for Digital Radio 
Broadcast Systems in Medium and Short Wave Bands", IEEE Antennas and Propagation 
Magazine, Vol. 48, No. 4, pp.19-27, Aug 2006 


2007 - GrMoMPE 

F. Akleman, L. Sevgi, "A Novel MoM- and SSPE-based Groundwave Propagation Field 
Strength Prediction Simulator", IEEE Antennas and Propagation Magazine, Vol. 49, No. 
5, pp.69-82, Oct 2007 


2011 - PETOOL 

O. Ozgun, G. Apaydin, M. Kuzuoglu, L. Sevgi, "PETOOL: MATLAB-based One-Way and Two-Way 
Split Step Parabolic Equation Tool for Radiowave Propagation over Variable Terrain," 
Computer Physics Communications (CPC), Elsevier, 182, 2011, pp. 2638-2654. 
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RCS Prediction and Reduction 


2008 — MGL-RCS 

C. Uluisik, G. Cakir, M. Cakir, L. Sevgi, "Radar Cross section (RCS) Modeling and Simulation: 
Part | — Definitions, Strategies, and Canonical Examples ", IEEE Antennas and 
Propagation Magazine, Vol. 50, No. 1, pp. 115-126, Feb 2008 


G. Çakır, M. Cakir, L. Sevgi, "Radar Cross section (RCS) Modeling and Simulation: Part I| — A 
Novel FDTD-Based RCS Prediction Virtual Tool ", IEEE Antennas and Propagation 
Magazine, Vol. 50, No. 2, pp.81-84, Apr 2008 


2014 — FastRCS 


G. Cakir, M. Cakir, L. Sevgi, “An FDTD-based Parallel Virtual Tool for the RCS Calculations of 
Complex Targets,” IEEE Antennas and Propagation Magazine, Vol. 56, No.5, pp.74-90, 
Oct 2014. 
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Diffraction Theory 


2011 - WedgeGUI 

F. Hacivelioglu, M. A. Uslu, L. Sevgi, "A Matlab-based Simulator for the Electromagnetic 
Wave Scattering from a Wedge with Perfectly Reflecting Boundaries," IEEE Antennas 
and Propagation Magazine, Vol. 53, No. 6, pp.234-243, Dec 2011. 


2012 - WedgeFDTD 

M. A. Uslu, L. Sevgi, "Matlab-Based Virtual Wedge Scattering Tool for the Comparison of 
High Frequency Asymptotics and FDTD Method," ACES, Int Journal on Applied 
Computational Electromagnetics, Vol. 27, No. 9, pp.697-705, Sep 2012. 


2014 - WedgeTOOL 
A. Uslu, G. Apaydin, L. Sevgi, "Work in Progress: Teaching EM Diffraction via Virtual 
Tools: "The WedgeTOOL," EDUCON 2015, Mar 18-20, 2015, Tallinn Estonia 


F. Hacivelioglu, L. Sevgi, P. Ya. Ufimtsev, "Electromagnetic Wave Scattering from a 
Wedge with Perfectly Reflecting Boundaries: Analysis of Asymptotic Techniques,” 
IEEE Antennas and Propagation Magazine, Vol. 53, No. 3, pp.232-253, Jun 2011. 
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Microstrip Circuit Design and Simulation 


2006 - TDRMETER GUI 

L. Sevgi, C. Uluisik, "A Matlab-based Transmission Line Virtual Tool: Finite-Difference time- 
Domain Reflectometer", IEEE Antennas and Propagation Magazine, Vol. 48, No.1, pp. 
141-145, Feb. 2006 


2011 - FilterDesigner 

A. Uslu, L. Sevgi, "Matlab-based Filter Design Program: From Lumped Elements to 
Microstriplines," IEEE Antennas and Propagation Magazine, Vol. 53, No. 1, 
pp.213-224, Feb 2011. 


2006 - MSTRIP 

G. Cakir, M. Cakir, L. Sevgi, "A Novel Virtual FDTD-based Microstrip Circuit Design 
and Analysis Tool", IEEE Antennas and Propagation Magazine, Vol. 48, No. 6, pp.161-173, 
Dec 2006 
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Guided Wave Theory 


2004 — RAY-MODE / HYBRID GUI 

L. B. Felsen, F. Akleman, L. Sevgi, "Wave Propagation Inside a Two-dimensional Perfectly 
Conducting Parallel Plate Waveguide: Hybrid Ray-Mode Techniques and Their 
Visualisations", IEEE Antennas and Propagation Magazine, Vol. 46, No.6, pp.69-89, Dec 
2004 (Kamel-Felsen paper, IEEE TAP Jul 1981) 


2007 - WEDGE-GUI 

L. Sevgi, F. Akleman, L. B. Felsen, "Visualizations of Wave Dynamics in a Wedge-waveguide 
with non-penetrable Boundaries: Normal, Adiabatic, and Intrinsic Mode 
Representations", IEEE Antennas and Propagation Magazine, Vol. 49, No. 3, pp.76-94, 
Jun 2007 


G. Apaydin, L. Sevgi, "A Canonical Test Problem for Computational Electromagnetics 
(CEM): Propagation in a Parallel Plate Waveguide" IEEE Antennas and Propagation 
Magazine, Vol. 54, No. 4, pp.290-315, Aug 2012. 
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The philosophy and Ti 


m EMVtools should be useful and give physical insight. 
m EMVtools should be very user-friendly (simple-to-use). 


m The user should be able to change some parameters. 


m Some parameters should be fixed so that the user will not 
get lost. 


= It should be open to non-physical results to some extend 
so that the user may commend on them. 


July 22, 2015 
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Postulate the problem 





Lim gloa r) =O 
Z— 00 


and the Green’s function may be obtained as 


n 


Mode solution 


Plate height (a) 
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Ray solution 


generic 
[ay 


The four different ray species are defined by the following phase accumulations: 


gef — x, )cosW - zsinW 4 2ancosW , =з Ae) 


g Ix t x, )cosW - zsinW -- 2ancosW 
gts (х, + х.)сов// + zsinW + 2a(n+1)cosW 


qt? 2 - (x, —x.)cosW +zsinW +2a(n+1)cosW 


RR. =) 5) 20) ELLA = і >) 


Gagatay ULUISIK & : +] ANTENNA ARRAYS Gagatay ULUISIK & 
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SNELL GUI 


Übstacle1 Obstacle2 


xsource ( 50 Trilinear Atm. Refractivity Ray angles 
xlast [ 300 Slope [1e-5] | 100 teta init [ 45 height1 [ 0 heigght2| o 


delx Гог xdi јо | 
zlast [ 2500 xd2 150 


teta last. | 120 21 |1000 23 | 1500 
del teta .375 z2 | 1200 24 | 2000 


Calculate | 


Height [m] g Height [m] 


2500 
Range [m] 


GrMOMPE 


C “ | - : 
Sere ы Мам у а Frequency [MHz] | 15 Atmospheric Terrain Properties 
BeamWidth Mode Plot Range [km] | 20 First height No of Terrain Points | 10 
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є ТЕ Above ground TX Height [m] | 400 
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-l Antenna Vert [= 
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Tilt [Deg] Plot type : 
Мах Ау Height | | [LS_Ter21.dat 


| pod С Field Strength vs. Range 
3 3 Slope (duct) [M 7km] [ 
'* Prop. Factor vs. Range Max Height [m] | 10000 


—— MoM 
— SSPE 
—— Flat (analytic) 


1n 
Е. Akleman, C. Uluisik, L. Sevgi Range [km] 
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м Finite Element based multi-MIXed Path Loss Calculator 


Frequency [MHz] | | 10 | Range Increment [km] | 0.02 | 
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FEM @ New Plot © Add Piot [T] Output TIFF 
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Atmospheric Refractivity 
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Length Conductivity Relative | 
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Path1 | 15 
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Path3 | 15 





| 
Path4 | 10 | [0.01] [15] 
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п Finite Element based multi-MIXed Path Loss Calculator 


Frequency [MHz] | 10 | Range Increment [km] | 0.02 | 
Range Norm [km] [ 10 | 


FEM @ New Plot © Add Piot [T] Output TIFF 


incon  — ВН "СКЕЛЕ [CLOSE INFO: 


Atmospheric Refractivity 
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istHeight [2000 | MIT 
М 2nd Slope 117 | 


2nd Height [3000 | E 
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Terrain Properties [E] Flat Earth 
#of Points| 7 | Locate Points | Bg LOAD 


Length Conductivity Relative 
Number of Paths [km] [S/m] permittivity SAVE 
4 


Path1 | 15 | | 5 | | 80 
Path2 | 10 001] [15 | 


Path Loss [dB] 


Path3 |15 | | 5 | | 80 | 
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Engineers should be well equipped in terms of physical 
understanding, mathematical modeling as well as practical 
implementations 


Within this context, Virtual tools have become attractive / effective 
tools in electromagnetic engineering education in addition to the 
techniques such as problem-based learning, or, inquiry-based 
teaching, etc. 
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